Ecosystem-based management advocates that forestry disturbances should aim to emulate natural 24 disturbances to mitigate the landscape level impact of forest management. This study compares 25 the impact of clear-cuts followed by a prescribed burn (CCPB) with clear-cuts alone (CC) and 26 current careful logging practices (CLAAG: careful logging around advanced growth) on 27 understory composition within black spruce paludified forest stands at the plot, site and treatment 28 levels using a functional type approach. Vascular and non-vascular taxa showed significant 29 differences in composition at the plot level among treatments. We found that pioneer taxa 30 occurred mainly in CCPB sites, while late successional taxa characterized CC sites. CLAAG 31 sites had higher taxa richness than CCPB and CC sites and we found that CCPB treatments were 32 most likely to promote vascular taxa compositions that are more similar to those observed after 33 natural disturbances. Additionally, the relative abundance of Sphagnum spp., responsible for 34 paludification, was significantly reduced in sites treated by prescribed burning. This study 35 therefore presents results suggesting that prescribed burning might represent a sustainable 36 alternative to current harvesting techniques in the Clay Belt of eastern Canada that could both 37 help in preserving biodiversity (in terms of understory species assemblage) while maintaining or 38 even enhancing forest productivity. forests are also the result of secondary disturbance agents in between fire events, particularly 76 spruce budworm (e.g., Choristoneura fumiferana Clemens) outbreaks in eastern Canada and 77 windthrow. Although insects and other non-fire disturbances can impact larger areas than 78 wildfires, their effects on vegetation communities are selective (i.e., species-specific) and will 79 mostly result in diversified age-class distributions of forest stands and more patchier landscape 80 habitats than following fires (Bergeron and Fenton 2012). 81
In recent decades forest harvest has become a dominant disturbance across the boreal, even 82 more important than fire in some areas (Cyr et al. 2009 , Stinson et al. 2011 ). This has led to a 83 call for management techniques that mimic fire disturbances in order to preserve the ecosystem 84 functions and biodiversity of the forest landscape (e.g. Gauthier et al. 2009). One important 85 difference identified between forest harvest and wildfire is the impact on understory succession 86 (Brumelis and Carleton 1989; Nguyen-Xuan et al. 2000; Haeussler and Bergeron 2004), which in 87 turn can have a strong impact on the nature and future productivity of the regenerating forest 88 (Reich et al. 2001) . Initial post-disturbance microhabitat characteristics (and therefore understory 89 composition), and subsequent temporal changes in microhabitat availability, are expected to 90 differ following fire or harvesting. In very general terms, fire is expected to remove the organic 91 D r a f t -6 -layer, thus creating a greater quantity of exposed mineral microhabitats, and a more drastic 92 departure from pre-harvest communities compared with clear-cutting (Nguyen-Xuan et al. 2000) . 93
In contrast, post-harvest understory communities are generally more similar to the pre-harvest 94 communities compared with those resulting from wildfire (Noble et al. 1977 Prescribed burning is used worldwide as a management tool with various objectives, such as 100 wildfire hazard reduction, ecosystem restoration, site preparation for tree planting or species 101 conservation. In Fennoscandia, the use of prescribed burning has been recommended since the 102 1920s to stop the progressive accumulation of raw humus from causing a decline in the 103 productivity of secondary succession stands (Sirén 1955 group approach, and (2) to investigate the ability of each silvicultural treatment to emulate the 139 effects of natural disturbances, by comparing their respective effects on community composition 140 by functional group with those of wildfires. We believe CCPB will likely promote more diverse 141 understory assemblages than other treatments by removing an important part of the organic layer, 142 and that the understory composition of CCPB sites will be more similar to those of sites affected 143 by wildfires. We also believe that CLAAG treatments will exhibit higher community dominance 144 by Sphagnum spp. and other bog mosses due to increased soil protection. . All retained sites were also characterized by (4) slope < 3°, and (5) soil organic layer 180 depth >20 cm (on average) over clay mineral soil. Such selection criteria were deemed a 181 compromise between homogeneous pre-harvest understory composition for comparing 182 treatments and maintaining inter-and intra-site variability using selection criteria that are not 183 D r a f t -10 -highly correlated. The time since treatment of the sites varied from 12 to 32 years for CLAAG 184 treatment, from 14 to 26 years for CCPB treatment, and from 19 to 42 years for CC treatment 185 (Table 1 ). In the case of CCPB, prescribed burning was used as a site preparation technique and 186 was usually applied the summer following clear-cutting, i.e. within 12 to 24 months. Time since 187 disturbance for these sites is considered as the time since the prescribed burn and it was treated 188 as a single disturbance. In each site, we randomly established three 400 m 2 circular plots (11.28 m 203 radius) in areas that were representative of the overall stand composition and vertical structure. 204
Plots were located 50 m or more from the road and at least 30 m from each other. Within each 205 plot, we conducted assessments of the soil profile. We measured the depth of the soil layer by 206 D r a f t -11 -digging three pits per plot until we reached the mineral soil, if the mineral soil was not reached a 207 maximum depth of 130 cm was recorded. We also measured the height and the diameter at breast 208 height (DBH) of the highest tree, and we calculated the density of black spruce trees > 2 m. 209
210
We further established four circular subplots of 4 m 2 (1.13 m radius) every 2 m along the north-211 south axis in each plot. Within these subplots, percent cover of vascular plants, including tree 212 saplings (< 2 m), and large easily identifiable non-vascular plants in the understory were visually 213 recorded and their relative cover estimated using the following ordinal scale: 1=0-1%, 2=1-5%, 214 3=5-25%, 4=25-50%, 5=50-75%, 6=75-100% and 7=100%.). 215
For the WF, the understory vegetation of the sites of the Val-Paradis fire (8 years and 15 216 years after the fire) was estimated in ten 4-m 2 subplots. The cover of each species was visually 217 estimated by cover class (from 1 to 7 as above). Similarly, the cover of the understory vegetation 218
for the three sites sampled in 1996 was also visually estimated by cover class (from 1 to 7) but in 219 40 1-m 2 subplots. In order to compare species composition among WF sites with other 220 treatments, we calculated an average cover value per site for each species. 221 222
Statistical analyses 223
In order to preserve accuracy and consistency in data among the different surveys, we restricted 224 our analyses to the genus level for most bryophyte and lichen species, with the exception of a 225 few easily identifiable species (e.g. Pleurozium schreberi; see Table S1 for details). Due to the 226 multiple data sets analysed in this study, and the inevitable differences in taxonomic precision, 227 we refer to taxa rather than species. We also, in addition to examining patterns in taxa, adopt a 228 plant functional type approach, grouping species by characteristics that impact their function in D r a f t -12 -the ecosystem (see Table S1 ; adapted from Hekkela et al. 2014). These types are: forb, fern, 230 evergreen dwarf shrub including Lycopodiaceaea, deciduous dwarf shrub, shrub, graminoid, 231 lichen, forest moss, bog moss, and pioneer moss. We recorded during our assessment a total of 87 taxa: 64 in CC, 62 in CCPB, and 62 in CLAAG 296 (Table S1 ). Overall we found significant differences in taxa richness and in mean cover of 297 several functional types among treatments ( Taxa composition varied significantly among treatments (CC, CCPB and CLAAG) according to 307 permutational manovas (F = 2.01, p = 0.013, df = 2, 18, R 2 = 0.183), however when pair-wise 308 comparisons were made between silvicultural treatments, we only found a significant difference 309 between CLAAG and CCPB treatments (Table 3) . 310 311 Six taxa had an importance value that was significantly higher in CCPB plots than in CLAAG 312 and CC plots (Indicator value > 25% and p ≤ 0.05; Table 4 ): Aster spp., Fragaria spp., Rosa 313 acicularis Lindley, Cladonia spp., Polytrichum spp., and Hieracium spp. Four taxa were 314 indicators of CC: Rubus spp., Carex spp., Pleurozium schreberi, and Sphagnum spp. In the 315 CLAAG treatment, there were seven taxa: Maianthemum trifolium (L.) Sloboda, Rubus 316 chamaemorus L., Ptilium crista-castrensis (Hedw.) De Not., Sphagnum magellanicum Brid., 317
Poaceae spp.,, Lycopodium spp., and Scirpus spp (Table 4) . 318 319 These individual taxa differences translated into community-level differences (pRDA , Fig. 2) . 320
The pRDA model explained 40.9% of the variation in composition (F = 2.705; p = 0.005), and 321 the first two axes explained 21.6% of this variation (axis 1 = 0.140, axis 2 = 0.075). Black spruce 322 D r a f t -16 -density, black spruce cover, and organic layer depth played an important role in the distribution 323 of sites along the first axis, whereas trembling aspen cover, balsam fir cover, and DBH were the 324 most important variables explaining plot positions along the second axis. CC plots were 325 characterized by higher black spruce cover and trembling aspen cover, as well as smaller DBH 326 and were mostly located in the lower left-hand part of the ordination; their indicator taxa (eg., 327
Carex spp., Rubus spp., Sphagnum spp.) and the centroids of the graminoid and bog moss 328 functional types were also found in this part of the ordination. Indicator taxa associated with 329 CLAAG plots included Sphagnum magellanicum, gramineae, Poaceae spp., Maianthemum 330 trifolium and were mostly located in the lower left-hand part of the ordination, together with 331 forest moss functional type. In addition, CLAAG plots featured a higher black spruce density and 332 a higher organic layer depth. In the upper part of the ordination, the presence of pioneer moss 333 functional type and their indicator taxa, e.g Polytrichum spp., Rosa acicularis, Cladonia spp, and 334
Fragaria sp. were typical of CCPB plots. Such plots were also characterized by relatively low of 335 balsam fir cover and trembling aspen cover, and relatively high DBH. 336
337
Differences in understory composition between wildfire and silvicultural treatments 338 339 Composition varied significantly among treatments according to permutational manovas (F = 340 2.92, p = 0.001, df =3,26, R 2 = 0.252). We found significant differences between WF and other 341 treatments (Table 2) with the highest R 2 found for comparisons between CLAAG and WF, 342 followed in decreasing order of R 2 , by CC-WF, and CCPB-WF. In this study, we found that CLAAG, CC, and CCPB had different effects on the forest floor 359 vegetation in paludified black spruce forests of the Canadian Clay Belt region. The CLAAG 360 treatment had the greatest taxa richness at the subplot level 4m 2 , which did not support our first 361 hypothesis that CCPB would be associated with higher species richness. We also found that the 362 CCPB treatment generated understory compositional patterns that were the ones the most similar 363 to those observed after wildfires. In addition, CCPB reduced Sphagnum spp. cover compared 364 with other treatments, supporting the hypothesis that CCPB on paludified cutovers might be a 365 suitable technique to control Sphagnum spp. expansion and protect site productivity. fires (Granström 1993), for security reasons and also in order to promote the rapid vegetative 392 regrowth of desired species (Lewis and Ferguson 1988) . Still, in this study, we found that 393 globally, CCPB generated compositions more similar to that of WF than to CC and CLAAG. 394 Epilobium palustre forb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.05
